Mapping of crayfish populations in the province of Salzburg was carried out in the years 2002 and 2003. Five crayfish species were found, two of them native: Astacus astacus and Austropotamobius torrentium, and three foreign: Astacus leptodactylus, Pacifastacus leniusculus and Orconectes limosus. In former times the first two species were widely distributed especially in the northern part of the province. Today Astacus astacus is only found in (artificial) ponds and in one lake and its outlet. Austropotamobius torrentium is found in several small rivers, especially in the pre-alpine region. Astacus leptodactylus is found in three lakes connected to each other. Pacifastacus leniusculus is the most common crayfish species and widely distributed in rivers, ponds and lakes. Orconectes limosus is found in two lakes.
INTRODUCTION
Two species of crayfish are native to the province of Salzburg, Astacus astacus, the noble crayfish and Austropotamobius torrentium, the stone crayfish. In former times both were widely distributed in the northern part of Salzburg. We know of several relatively large Article available at http://www.kmae-journal.org or http://dx.doi.org/10.1051/kmae:2005013 populations of the noble crayfish in other areas, e.g. in lake Zellersee. Little is known about the past distribution of the stone crayfish because of its low economic value (HOFMANN, 1971) .
Records of the use of crayfish for economic purposes in Salzburg go back as far as the 15 th century (FREUDELSBERGER, 1921) . In the fishery statutes from the year 1600 the minimum length for crayfish allowed to be caught and the sentence for illegal catching were regulated. The same statutes declared that every year 15,000 individuals of noble crayfish from lake Zellersee had to be delivered to the archbishop of Salzburg (ZILLNER, 1865) . These statutes were strictly policed up to 1803 when the archbishopric came to an end. In the late 19 th and the early 20 th century the crayfish plague was introduced into Central Europe. By 1950 most crayfish populations in Austria had been killed by the disease. To compensate for these losses the American crayfish Pacifastacus leniusculus, the signal crayfish, and Orconectes limosus, the spinycheek crayfish, were imported into Salzburg. In the years 1970 and 1971 the signal crayfish was brought from the Sierra Nevada to a pond in Hinterthal (Pinzgau) and to lake Fuschlsee (SPITZY, 1971) . This caused the deadly crayfish plague to be spread further. Another reason for the decrease of the native crayfish was the poor condition of the waters. Rivers were regulated and waters polluted.
The past distribution of crayfish in Salzburg until the year 1997 is presented by PATZNER (1998). The fisheries map by KOLLMANN (1900) and the publications by FREUDELSBERGER (1917 FREUDELSBERGER ( , 1921 FREUDELSBERGER ( , 1936 FREUDELSBERGER ( , 1937 ) provided a first insight. KOTSCHY (1979) reports from the Pinzgau, EXNER (1996) from the Lungau. WINTERSTEIGER (1985a WINTERSTEIGER ( , 1985b summarizes basically the distribution of crayfish in Salzburg until 1983. Recent investigations were carried out by PATZNER (1999 PATZNER ( , 2001 , RITTSTEIGER (2001) , SCHACHERL (2003) and SCHACHERL and PATZNER (2003a, 2003b) . 
MATERIAL AND METHODS
From the middle of 2002 until October 2003 more than 1,000 locations were examined. At 351 of these crayfish were observed. Small rivers and littorals of standing waters were mainly inspected during the late evening using strong torches. Crayfish were collected by hand. In larger waters, traps from Finland were used with bait of liver from pig, cattle or chicken. In some locations material was provided by local fisherman (caught by hand and net). Waters were classified according to NOWOTNY and HINTERSTOISSER (1994) . The altitudinal range of sampling positions was divided into 11 steps (Table 1) . Crayfish species were identified and classified according to type of sample (living -skin -dead animal or parts of an animal) and abundance (rare, moderately frequent, frequent, very frequent).
From several locations, crayfish were kept as proofs. Animals were killed by deep freezing and fixed in alcohol so as to allow later genetic investigation. The conserved material is stored in the collection of the museum "Haus der Natur" in Salzburg.
All data were transferred to a MS-Access database. For analysis and cartographic representation the online information system BioMapper (© BIOGIS CONSULTING, Paul SCHREILECHNER, Salzburg) was used. It is based on the desktop GIS programme ArcView by ESRI (PATZNER, 2001) . Table I Steps of altitude.
Tableau I Paliers d'altitude.
Steps 
Astacus astacus (LINNAEUS, 1758), noble crayfish (Figure 1)
Is native to Salzburg. Twenty populations were found in the following types of biotope: natural pond, artificial pond, denaturalized pond, marshy lake and low-mountain river of morphological class 1 (only one lake outlet); preferred biotope: natural pond (52%) ( Tables II, III) . Many of these waters are man-made and the noble crayfish were introduced into them. Altitude distribution ranges from step 3 (450-500 m) to step 11 (1,500-2,000 m), preferred altitudes at step 7 (700-800 m), and highest altitude of occurrence: lake Prebersee (Lungau, 1,514 m). The noble crayfish is listed as one of the critically endangered animals in the Red List for Austria (PRETZMANN, 1994) .
Austropotamobius torrentium (SCHRANK, 1803), stone crayfish (Figure 1)
Is also native to Salzburg. Thirty populations were found in the following types of biotope: low-mountain river of morphological classes 1 and 2, lowland river of all morphological classes; preferred biotope: low-mountain river class 1 (57%) ( Tables II, III) . Altitudinal distribution ranges between step 2 (400-450 m) and step 8 (800-900 m), mainly at step 6 (600-700 m), highest altitude of occurrence: Lienbach (Tennengau, 870 m). The stone crayfish is listed among the strongly endangered animals in the Red List for Austria (PRETZMANN, 1994) .
Astacus leptodactylus (ESCHSCHOLZ, 1823), narrow-clawed crayfish (Figure 1)
Was first imported to lake Zellersee in 1891, but failed to settle permanently. There were many attempts to establish the narrow-clawed crayfish in Salzburg. The only populations now left are found in lake Mattsee, lake Obertrumersee and lake Grabensee, all in the far north of the province. During mapping 4 populations were found in the following types of biotope: mesotrophic lake, eutrophic lake, lowland river of morphological class 1; preferred biotope: mesotrophic lake (77%) ( Table II, III) . Altitudinal distribution exclusively at step 4 (500-550 m). Highest altitude of occurrence: above-mentioned lakes and one inlet (Flachgau, 503 m). As the narrow-clawed crayfish is an introduced species it is not included in the Red List for Austria (PRETZMANN, 1994) . Was first brought to Salzburg in 1970 (see "Introduction"). During mapping, 51 populations were found in the following types of biotope: oligotrophic and calcareous lake, mesotrophic lake, eutrophic lake, natural pond, artificial pond, denaturalized pond, reservoir, standing waters of flood plains, marshy lake, lowland river classes 1, 2, and 3, low-mountain river classes 1 and 2; preferred biotope: low-mountain river class 2 (32%) ( Tables II, III) . Altitude distribution ranges between step 1 (350-400 m) and step 8 (800-900 m), mainly at steps 4 and 5 (500-600 m), highest altitude of occurrence: Mandlinger Moorteich (Pongau, 810 m). As the signal crayfish is also an introduced species it is not included in the Red List for Austria (PRETZMANN, 1994) .
Orconectes limosus (RAFINESQUE, 1817), spinycheek crayfish (Figure 1)
Was also brought to Salzburg in 1970 (SPITZY, 1973 . During mapping 2 populations were found, one in lake Fuschlsee, the other in lake Zellersee (biotope types: oligotrophic and calcareous lake, oligotrophic and not calcareous lake) (Tables II, III) . Altitudinal distribution lies between steps 6 (600-700 m) and 7 (700-800 m). Highest altitude of occurrence: 750 m (lake Zellersee, Pinzgau). As the spinycheek crayfish is also an introduced species it is not included in the Red List for Austria (PRETZMANN, 1994) .
Procambarus clarkii (GIRARD, 1852), red swamp crayfish
Some years ago this species was observed in two rivers in the city of Salzburg 
DISCUSSION AND CONCLUSSION
In former times the noble crayfish was frequently found in all parts of the province, especially in the Flachgau (WINTERSTEIGER, 1985a (WINTERSTEIGER, , 1985b . Remarkable is the occurrence of a large population in lake Prebersee at an altitude of more than 1,500 m. The mapping has shown that with the exception of the outflow of lake Prebersee, no populations exist now in running waters. Main reasons are the crayfish plague and water pollution. Recently water quality has improved in all rivers and lakes. This provides the opportunity to reestablish former populations of the noble crayfish. However, care has to be taken to ensure that the water has no connection with water containing signal crayfish or spinycheek crayfish, since these are in most cases infected with the crayfish plague (OIDTMAN and HOFFMANN, 1998; OIDTMANN et al., 2002) . It also has to been taken in consideration that in many fish farms signal crayfish are cultivated (BOHL et al., 2001) . In lake Hintersee a good population of noble crayfish was destroyed by the introduction of some signal crayfish (RITTSTEIGER, 2001) . However, in some lakes of Finland both species live in sympatry; indicating that the P. leniusculus population must be plague-free. Nevertheless The introduced narrow-clawed crayfish is only found in a group of lakes in the north of the province of Salzburg. Even though this species is not infected with the crayfish plague it has displaced the noble crayfish from these lakes. A great problem is the presence of the signal crayfish in many running waters, especially in the Flachgau. It is not possible to remove this species completely from a water to make it available for native crayfish (KELLER, 2002) . The same has to be said of the spinycheek crayfish and the red swamp crayfish. However, these species are not so problematic in Salzburg at the time of writing (see "results").
In August 2002, mapping and collecting of crayfish was not possible because of severe flooding. The strong water movement affected many populations. Some of them were severely reduced; others completely destroyed (personal communication by fishermen). As many individuals were forced to drift one may assume that all running waters containing signal crayfish are now infected with the crayfish plague as far as the outflow. The summer of 2003 was extremely dry. Several small rivers containing stone crayfish fell dry and some populations became extinct.
